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ODEVATIONAL AND FIELD ASPECTS OF GROUD-WATER FOWW AT HANTD

V. H. Bierschenk

IMTODUTION

At Hanford, the semi-arid climate, the permeable surficial sediments,

and the deep water table combine to produce a situation wherein most of the

radioactivity of the chemical effluents is trapped by ion exchange and ad-

sorption phenomena in the sediments as the waste percolates down to the water

table. Those wastes that reach the water table move with the ground water

toward the Columbia River. This paper will follow this movement, indicating

what is known about it and what needs to be found out.

GENERAL STATEMENT

Geological and hydrological stulies at Hanford have indicated what

aquifers are present and their continuity. Hydraulic field tests have been

conducted to determine the field permeability of the sediments, expressed,

comonly, as the quantity of water in gallos transmitted daily through each

square foot of cross section of the material under a hypothetical slope of

water level of 1 ft per ft. Permeaility, together with measurementa of

water levels in wells to give the actual slope of the water table, gives the

average quantity of water moving per square fcot of cros section of the aqui-

for and the approximate direction in which it is moving. Knowing tLe effective

porosity of the material and the quArtity of vrter floadng, the average velocity
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can be calculated. It is therefore pov,ible to estimate the average rate at

which radioactive wnute would travel if it moved uninhibited with the ground

water, about where it would be discharged, and the approximate path it would

take to get there.

WASUREMENT AND ESaTIwATON OF AQJJER PEMEA1L2TY

At Hanford some 200 feet of sand and gravel of glacial origin,(Glacio-

fluviatile sediments) immediately underlie the waate disposal sites. Below

this is an earlier glacial fcrmation (Riogold formation) as much as 800 feet

thick, consisting of a4lt6, sand, and gravels with several clay beds. The

water table, which is from 200 to 350 feet below disposal sites, lies largely

within the Ringold formation but extenda in some places into the overlying

glaciofluvistile sediments. Belov the3e two major units is the relatively in-

permeable basalt

The hydrauli- characteristics of Hanford aiuifers have been measured ant

estimated by a variety of established field methods. These ialude evaluation

of data from pumping tests, specific capacity tests, tracer tests, cyclic

fluctuations of water level, and hydraulic gradients. Mutually consistent re-

tilts show that the permeability of the glaciofluviatile sediments ranges from

about 10,000 gpf/ft2 to more than 60,000 gpd/ft, and the permeability of the

underlying Ringold depcsite ranges from about 100 to 600 gpd/ft 2 (1, 2). A

sumary of result& is given in the following table:

JAMUEAfERAUE FIE0 EMEW AbfL'Y (gpd/ftf)CACUAL.LE FRCS4:
Pumping Specific Ca- Tracer Cyclic Gradient

TzrE teith ci: test' teats fluctuations methbd

f viattle 1!,000-67,000 10,000-65.000 > 61, :r 17,000-57,000
Glacial and
hInLold 900-5,000 1 .0oC- . 1 ,0O- 6,000 - -

RI5glA 50- OO 6- 30 ---- 1%- So 1")k
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WATER-LEVEL CONTOURS

Since 1944 the chemical processing plants have discharged to ground over

35 billion gallons of liquid effluents. Such large volumes have had a profound

effect upon the regional water table. Figure I shows the contours on the water

table interpreted from the earliest measurements of water level in wells and

from general hydrological knowledge. Similar waps have been prepared periodi-

tally over the years and with increasing accuracy as more well& became avail-

able. The ground-vater contours as of December 1958 are shown in Figure 2.

Two distinct ground-water moundt have been created on the water table, their

location, elevation, end shape depending upon the location of the disposal

sites which fed them and upon the nature and geological attitude of the sedi-

mentary formations in which they occur (3). It is of importance to study these

mounds since they determine the direction and rate of flow of the ground water

and this in turn is important in the proper location of disposal sites and in

following the underground movemnt of mobile materials.

MOVDENT OF GROUND WATER AND CONTAMINATION

Direction of Movement -

In the absence of more precire data, it is assumed that ground water always

moves in the direction of the hydraulic gradient. Therefcre, the best means of

determining the direction of movement is by drawing lines perpendicular to ground-

water contours, from high to low head. (See velocity vectors, Figure 3). Strlzt-

ly, even a perfect contour map of the water table wculd .hov only the horizontal

direction cf movement of the grounm water at tne nter table. rhe hytraulic

gradients are three-dimennlonal, hciever, and the water mcves nct only alcog t.

water table but also to depths below the nte-r table and generally upvai ay.:

to the wvttr table at scme other place.
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As Figure 3 indicates, the present pattern of grownd-water movement

underlying Hanford Works has changed fundamentally during the 14 years cf

plant operation, owing to concurrent changes in water-table form. In brief,

the zone sator.ted by infiltered waste effluents creates a ground-water di-

vide, roughly concave to the south and enclosing disposal sites on the west,

north, and east. From the northern or outer flank of this divide, the arti-

ficially recharged water largely moves radially northwestward and northeast-

ward. From the southern or inner flank of the divide, the infiltered wastes

converge and move generally southeastward and then more eastward in a rela-

tively narrow band.

The directions of movement described above are those which would be

taken currently by any radlactive waste products infiltering to the water

table from en overlying disposal site. It must be recognized, however, that

deposits of sand and gravel such as comprise the glaciofluviatile and Ringold

sediments are, in varying degree, lenticular; thus in the coarse materials

wastes would move more rapidly than in the fine materials. In addition, if

the lenses are elongated in one direction, or the strata are inclined steeply,

the direction of flow will incline in the direction in which water moves more

easily than in another. Furthermore, a waste contained in a stream of ground

water disperses both along and transverse to the direction of flow. As pointed

out-by Theis (4), dispersal in the direction of flow reduces the concentration

of the contaminant if the waste is a slug temporarily introduced, and gives a

warning at a locality dovnstream of the approach of a continuously introducel

waste stream. Dispersal across the direction of flow spreads a ccntaminant

more widely but reduces the concentration.



Such factors as heterogeneity, anisotropy, and dispersal assume great

importance in determining the path of contaminants in the grounid water.

Consequently, the estimated mean lateral pat" of ground-water contamination

shown in Figure 3 is taken to represent the probable mini-- distan.e of

travel from beneath disposal sites W and E to the Columbia River, R. Based

on the hydrglogic conditions inferred in Figure 3, a minimum path from W to

R of about 110,000 ft (about 21 miles) and from E to R of about 95,r% ft

(about 18 miles) appears reasonable.

Rates of Movement

The rate of ground-vater flow is fixed by the vector quantity describing

the maximum hydraulic gradient. Darcy's law for laminar flv is applicable

but only enables the estimation of average velocities. Variation from the

average is likely to be considerable, so that some small fraction of the flow

may move at several times the average velocity. For example, fluorescein

tracers have been detected in observation wells at various distances down-

gradient from injection wells. Rates of travel of the dye, based on the

first detected arrival, have been measured to be 170 ft/day through 50 ft

of travel in one case, 170 ft/day through 11,500 ft and 195 ft/day through

13,200 ft in a second ease, and 44o ft/day through 8,800 ft in a third case.

These velocities 'zre 3 to 4 times greater than the average calculated values.

On the basis of measurement$ and eatimates of aquifer charncteristics,

average ground-water velocities have been calculated according to the equation

7.48 p

where v is the velccity in feet per day,
P is the average fieli permeability in gallon. per day ptr

square foot,
4PI 1 the hydrauli: gr'iient in feet per fcct, a:.

p i the efftctiv pcro !ty Cr specific yield in permnt
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The flow rated are ihcwn in Figure 3. The map shows veloity vectors, with

numerical values of average rate of movement in ft/day, as well as the quar4ti-

ty of water In gallons flowing in 1 day through a 1-mile-long section of the

aquifer perpendicular to and bisected by the velocity vector for thcse sites

where the field permeability haa been detemined by pumping tests. The vclute

of flow to the southeast in the glaciofluviatile sediments is in the order of

several hundred times that flowing eastward in the Ringold sediments.

Eastward movement from disposal site W (Figure 3) occurs under an average

hydraulic gradient of about 20 ft/mile in the Ringold aquifer of permeability
2

assumed to be 300 gpd/ft . Average ratea of movement are therefore only about

1-1/2 to 2 ft/day. Subsequent southeant-ard movement in the highly permeable

glaciofluviatile sediments occurs chiefly under shallow gradients of only a

few tenths of a foot per mile. Average velocities of about 7 ft/day were

computed for most of this stretch. Direct eastward movement to the Columbia

River through glaciofluviatile sedimer.tc is inhibited by the southern end of

the eaatern ground-water mound. Instead, general movement occurs more to the

south through Ringold depc sits under the irfluence of a moderate gradient of

roughly 5 ft/mile, at an average velocity cf 1 ft/day or 1es.

Travel time. -- Based on the average grc.:-vster velocities ehown in Figure 3,

a "travel time" of about 180 years iz cal-a'ated for grcund-nter flcv from W

to H, and about 175 years from E to R. It muet be emphasized, however, thst

the maximum rate of movemtr.i cf the ground water wnd even of ao::t .zatbrial.

d1sznlved in It (e.g. rithaniwn-106 na ni'rxie) riy C -AQrg tt> t '

while thCrr dlsclveJ z,: -titet: that ritr rtm. ui up'r n rt,

etrontiu-93 and ce-uun- I f t r tin u



"isotope travel ties" is suggested as a more descriptive term for the actual

occurrence at concen inasmuch as several factors other than groin-water move-

mint affect the available decay interval. Studies at the University of California

Sanitary Engineering Research laboratory have show that (a) hydraulic phenomena

produce velocity variations that bring about a longitudina mixing of selected

Intruding and displaced fluids. A diffuse zone or "cacentration front" forms

ather than a sharply defined interface. The depth of this zone increases in

proportion to the distance traveled due to portions of the intruding contaminant

moving at velocities exceeding the average; and (b) ion exchange reactions my

- modify the propagation of a radiocontaminant in two ways: 1) the median velocity

of the contaminant front will be predictably le than that of the liquid front,

and 2) the depth or diffuseness of the front may be moDifled over that resulting

from purely hydraulic phenomena. When the radiocontaminant is not selectively

sorbed by the exchange medium, its front will become increasingly diffuse as it

progresses throughthe medium. When the radiccontaminant has a selective affinity

for the medium, as may be the case with strontium or cesium as the displaiing cation,

the front may not become more diffuse with distance but rather may tend tc sharpen

as propagation continues (5,6).

Empirical data obtained frcm radiologic monitoring of wells at !aafcrt have

shown that the chemical form of Ru in Hanford wastes is little affected by

Ion exchange, and anionic components of waste, such as nitrates, are apparently

not affected at all. In one case radioruthenium moved southeaet-vard atout 8

miles from an eastern dispoal site (natr E, figure 3) in len thae I year at

rates apprcachiig 160 feet per day. Nitrate con:entration ineresei to at-ut

500 pjn in vell 699-20-20 (Flgrt -) befcre tra:e ccncer.trftti:r- ir the criL:



W

-n1-

of 10 r/ce of Ru6 appeared. This followed an apprcrimtely 18-mcnth

period of negligible supply of cooling water to the eaaterr *vamp, durirg

which the eaetern mound subsided to the extent that a favorable hydraulic

gradient existed from site E to well 699-20-20. As mentioned previously,

subsequent tracer tests In tais area shovel that firat arrivals of fluoreste-

in in wells downgradient from the injection well had traveled at aversge

linear rates of 170 and 195 ft/day over distances of approximately 2.2 and

2.5 miles, respectively. Obviously, precise deteminations cannot now be

ma.a at Eanford of the variou "isotope travel times" based on the present

qualitatine knowledge of the various complicating factors.

F711URE SflDIES AID CONCLUSIONS

Additional geclogical and hydrological information i3 needed in naete

disposal stulies. The techniques of ground-water studies used for estimating

ground-water characteristicE give average values--average velocity and average

path of flow. In radioactive waste disposal the average is necesfary as a

starting point or a point of reference, but it is not gcod enct4gh. For instance,

the factors of heterogeneity and sanisctrcpy of ajuifers assute great imprtante

in waste disp:,sal. The important effectt of such irregularities in the varlcus

geologic units upon the rate and directior. of nate movemnt re;4re that the

geology be learned in grftt detail and that many welle be dIillIr t-- get tr.e

details. During 12 years of ccretinucus well dri2ling at Hvn.ra 3ir'-, the

waste disposal research program began in 1947, 547 vill have teen 111i r

varicus purpoe-, totalling art than 107,3WC feet. During ';e nwt i-

it is contemplated that an averEe of abcut 11 yel ;e- y -r *

c,OCO feet per year vill be ri f( z rt ar ; - T

needect to (e zc nitor any mCvmts.t cf ia- i: -> i



(b) provide structures for hydraulic inveatigations permitting further evalu-

Ation of aquifer characteristics, (c) provide sediment samples for laboratory

evaluption of ion exchatie capacity, permeability, and mineral content, and to

furnish soil columr material for crib-life evalstions, and (d) provide basic

6uologic 1 s'tratigraphic) data. Items b, c, and A vill provide data that permit

predictions to be made of the probable behavior of vastes in the ground, and of

-the paths and rates of travel toward jints of possible exposure. Item (a) nIl

provide in( f gn Aet': tbehlOr, information that can then be corre-

,latirto the data from which the predictions ore made.

Pacaua . knovledge of the processes of dispersion is incomplete, this phe-

non must be further investigated in the field since the effective dispersion in

the field is probably larger than ipdicated by laboratory experiments. A special

13-vell field-scale facilit -- the study of dispersal phenomer~A during mov*--wnt-

of ground water is under construction at the 699-62-43 site. A calcium nitrate

oiution spiked vith OrB5 (65-day half life) vill be chargei to L inJection wall

und r constant head to permit determination of strontium and nitrate breakthro-gh-

ces. These results vill be correlated to those obtained from a laboratory seil

column experiment using aquifer sediments from this site with the same tracer so-

lution. The sinking of high-density wastes in the aquifer vill also be observed

by sampling the ground water at various depths in the 30-foot aquifer.

A geophysical seismic program is also being ccnsidered. It is hoped that

b such a technique would tend to improve foretasting of drilling needs, pcsittctng

of vells, completing of drilling p:ojects at faster rates, and eventually red.:-

tug overall drilling needs.

In conclusion, a hydrogeological aurvey of vaste-dispcsing sites mut te

extremely thorough. The current state of knowledge concerning aquifer chara::er-

istics and ground-wattr movement at Hanford haa been pr+3ertel teren. Esttz< a
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have been me of the aver*& rate at which the ground water would travel, abc4t

where any grountd-water contamination would discharge into the Colurbia River,

and the approximate path it would take to get there. However, a conaiderable

expansion of basic knowledge of groud-vater movement and the geochemistry in-

volved Is required in order to insure that the geology and hydrolcgy have been

proterly Interpreted.
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